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o Cloning means making an organism 
identical to another
o In nature; Identical twins
o Occurs naturally in single celled 
organisms
o Cutting plant
What is cloning ?
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The history of Cloning 
1885- first- ever 
demonstration of 
artificial embryo 
twinning.
1902 – artificial 
embryo twinning in a 
vertebrate.
Hans Adolf Eduard Driesch
(sea urchin)
Hans Spemann
(Salamander)
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1928-The cell nucleus 
controls embryonic 
development.
Hans Spemann
(Salamander)
1952- First successful Nuclear 
transfer.
Robert Briggs and 
Thomas king
(Frog)
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1958-nuclear transfer 
from a differentiated 
cell.(Frog)
John Gurdon
1975-First 
mammalian embryo 
created by nuclear 
transfer.(Rabbit)
J. Derek Bromhall
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1984-First mammal 
Created by nuclear 
transfer.(Sheep)
Steen Willadsen
1996-Dolly First 
mammal created by 
somatic cell nuclear 
transfer.(sheep)
Ian Wilmut and Keith Campbell
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1996-nuclear transfer 
from laboratory 
cells(sheep)
Lan Wilmut and Keith Campbell
Cloning for medicine
In 1996 ;scientists at Roslin institute 
near Edinburgh ;Scotland ; managed 
to produce Megan and Morage from 
cultured cells derived from a nine-
day-old embryo.
This made Megan and Morage
clones of the embryo.
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1997-First primate created 
by embryonic cell nuclear 
transfer.(Rhesus monkey)
Li Meng , John Ely, 
Richard Stouffer, and Don 
Wolf
1997- Nuclear transfer 
from genetically 
engineered laboratory 
cells.(sheep)
Angelika Schnieke , keith
Campbell , lan Wilmut
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Neti and Ditto
Polly
(left)is a transgenic clone 
of a poll Dorset sheep .a 
gene for a human protein 
factor ; lX; was added to 
the cell that provided the 
lamb’s genetic heritage ;so 
Polly has the human gene 
.the ewe that carried Polly 
(right)is a Scottish 
blackface
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Cloned with a genetically modified cell
The first transgenic sheep 
was born in1997;polly 
and others secrete the 
human protein in their 
milk
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1998-1999- More 
mammals cloned by 
somatic cell nuclear 
transfer.(Mice , cows , and goats)
Multiple groups
2001-Endangered 
animals cloned by 
somatic cell nuclear 
transfer.(Gaur and Mouflon)
Multiple groups
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2007- primate embryonic stem 
cells created by somatic cell 
nuclear transfer.(Rhesus monkey)
Shoukhrat Mitalipov and 
colleagues
2013-Human embryonic 
stem cells created by 
somatic cell nuclear 
transfer.(Human)
Shoukhrat Mitalipov and
colleagues
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1.Embryo cloning
2.Reproductive cloning
3.Therapeutic Cloning
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Embryo cloning
An egg from a mother and sperm from a father 
are used to create a fertilized egg.
After the embryo grow into eight cells , 
researcher split it into four identical embryos 
,each consisting of just two cells.
The four embryos are then implanted into 
surrogate mother.
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Embryo cloning
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Reproductive cloning 
 Produce a duplicate of existing animal
 used to clone sheep & other mammals
 Produce several genetic defects
 Medical ethicists-immoral procedure to 
be done on humans as it is unsafe & 
unethical
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Therapeutic cloning
DNA is extracted from a human’s cell
Inserted into a woman’s ovum
Develop and produce stem cell
Stem cells are removed from the pre-embryo
Grown into specific organ
Transplanted into the patient
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 Cloning animals for disease assessment
 Cloning Stem cells for research
 Drug preparation
 Protecting endangered species
Direct advantages of cloning
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Value of therapeutic cloning for patient
Potential application in commonly occurring 
diseases:
 Heart diseases 
 Insulin dependent diabetes
 Parkinson diseases
 Burns
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In direct advantages of cloning
 First , inducing cancer cells to differentiate
 Second , aged cell nuclei can be rejuvenated.
 In aged frog red blood cell nuclei 
after their transfer into enucleated 
oocytes , frog red blood cell nuclei 
were rejuvenated.
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Problem of cloning
1)Expensive
2)The hope of doing it is desirable
3)Abnormal growth of clones
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Abnormal growth of clones
1)Abnormal enlargement of the embryo
2)Increase the length of pregnancy
3)Weakness of the baby
4)Death
5)Infectious disease
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History of SCNT
 IN1894,Jacques Loeb observed 
formation of a large bleb in early 
embryos
 he found that if nucleus 
moved into the bleb , this 
part of the embryo started to 
develop
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 Loeb’s roads were furthered 
by Yves Delage (1895)  & 
Hans Spemann (1936)
 Nuclear transfer experiments 
from sea urchins to tadpoles 
& from mice to sheep( 
Wilmut in). 2003) and finally 
to primates(Hwang woo- suk
in 2005 & Mitalipov in 2013
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History of SCNT
Technology behind Therapeutic cloning
 Removing nucleus of egg 
cell
 Replace with nucleus of a somatic 
cell
 Stimulate cell division
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How is Therapeutic Cloning Done 
? 
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While an egg is held still with a pipette, a needle is used to 
drill through zona pellucida, removing a plug.
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After ejecting the zona plug the needle is inserted back in the egg 
through the hole to withdraw and discard the polar body and the egg’s 
genetic material
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A cumulus cell from another egg is taken up into the needle. Cells called 
fibroblasts (or their nuclei ) can also be used in this step.
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The cumulus cell is injected deep into the egg that has been stripped of 
its genetic material.
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The injected egg is exposed to a mixture of chemicals and growth factors 
designed to activate it to divide.
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After roughly 24 hours , the activated genetic egg begins dividing. 
The cells contain material only from the injected cumulus cell. 
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By the fourth or fifth day, a hollow ball of roughly 100 cells has formed. It 
holds a clump of cells called the inner cell mass that contain stem cells.
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The blastocyst is broken open, and the inner cell mass is grow in a 
culture dish to yield stem cells.
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The stem cells , in turn, can be coaxed to grow into a variety 
of cells that might one day be injected into patients.
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Cloning Techniques
1.Roslin technique
2.Honolulu technique
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Roslin technique
 Is a variation of SCNT that was 
developed at the Roslin institute
 Is used to create Dolly
 Somatic cells are allowed to grow and 
divide and are deprived nutrients to induce 
the cells into a suspended or dormant 
stage.
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Roslin technique
 An egg cell that has had its nucleus removed 
is then placed in close proximity to a somatic 
cell and both cells are shocked with an 
electrical pulse.
 The cells fused and the egg is allowed to 
developed into an embryo.
 The embryo is then implanted into a 
surrogate.
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Honolulu technique
 Developed at University of Hawaii , 
Honolulu
 Does not electric charge for cell 
fusion
 Fused cell- given a chemical 
bath
 Three donor cells – sertoli ,neuronal 
&cumulus cells
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Dolly is only the first
Gender:              female
Breed :             Mammal                
Birthday :          1996 /7/ 5
Home place:           Scotland
Father:              no father
Mother:           Three mother
Family:            5kid
Death:              2003/2/14
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 At 15.3 on Friday 14 
February2003,scientists at the 
Dolly , the word’s most famous 
sheep , should be put down . she 
had been suffering from a 
progressive lung disease.
 The sheep was the mammal 
to be cloned using DNA 
taken from an adult cell
47
48
49
50
51
52
53
54
55
Dogs cloned from adult somatic cells
Two afghan pups could help to unravel the genetic behind the assorted traits of other 
canine breeds
Nature 436 
(2005),641-642
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Zhong Zhong and 
Hua  Hua
The world’s first cloned monkeys using SCNT
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انایور
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Cloning in Iran
حنا
بنیانا
تامینا
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ومنگولشنگول
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Nuclear 
cloning
Research
cloning
country Nuclear 
cloning
Research
cloning
country
Japan Austria
Singapore Spain
France Australia
California Germany
Canada Italy
Korea Iran
Egypt United states
Holland Portugal
Greece Turkey
Finland Israel
Sweden china
Non-polluting cloning in some countries Allowed+
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Reasons for Opposition to Cloning and their conclusion
Violation of human dignity and concern about human production as a 
commodity
The downfall of human value
Violation of the principle of individual independence
Violation of the principle of obtaining conscientious consent
Violation of the ultimate goal
Violation of principle of human perception
Abnormal reproduction
Randomness breach of gene combination
The risk of racial exclusion through simulation
Possible family foundation threat
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